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INTRODUCTION
Correction of posture is an important goal of physiotherapy interventions to prevent scoliosis progression in persons with idiopathic scoliosis (IS). Posture is defined as the alignment or orientation of body segments while maintaining an upright position [1] . Posture asymmetries are associated with the risk of progression in IS [2] [3] [4] , can affect functional activities [5, 6] and limit participation in active life [7] . The Cobb Angle remains the gold standard to monitor change in scoliosis over time and is calculated from radiographs [8] . It gives information on vertebral alignment [9] . Physiotherapists and physicians commonly assess posture based on qualitative assessment [10] [11] [12] [13] .
Effectiveness of physiotherapy interventions has been criticized [14] in persons with IS and this may be due in part to the lack of adequate clinical quantitative measurement tools to monitor change on posture over time. Although there are sophisticated 3D posture analysis systems such as Optotrak, Vicon, Motion Analysis and surface topography systems these systems are not accessible for most clinicians.
A promising technique to assess posture clinically in a global fashion may be the calculation of body angles and distances on photographs [15] [16] [17] [18] [19] [20] . This method is fast, easy to do and accessible for most clinicians. Although, photograph acquisition has demonstrated good intra-rater reliability for several posture indices in normal persons, these results cannot be generalized to persons having pathological conditions [21] . Also, current tools do not include posture indices representing all body segments or are not specific enough to characterize scoliosis [22] [23] [24] [25] [26] . Our team has developed a software based quantitative clinical posture assessment tool for the calculation of angles and distances using digital photographs. This tool has good concurrent validity with radiographs and a 3D surface topography system in persons with IS [27] but the reliability of these indices has not yet been established.
. The general objective of this research project was to assess the overall, test-retest and inter-rater reliability of selected indices of a new quantitative clinical posture assessment tool among persons with IS. The generalizability theory served as the statistical technique to determine the sources of variance (Generalizability study), the level of reliability and SEM expected for particular designs (Decision study) [28] .
Methods

Selection of posture indices of the tool
We conducted a literature review to select posture indices to be included for the present global quantitative clinical assessment tool of posture. Forty-five indices taken from direct measures or from photographs were first identified [15] . From these, thirtyfour indices (Appendix 1) were retained for the reliability study based on these criteria: 1) the clinical relevance and capacity to measure changes in posture in all body segments (Tyson and Desouza [26] content validity study) and 2) the utility to characterize IS such as trunk list [22] [23] [24] [25] , waist angles [29] and measurement of frontal and sagittal spinal curves [30] [31] [32] .
Participants
We recruited 70 participants (60 females and 10 males) from the scoliosis clinic at the CHU Sainte-Justine in Montreal. Inclusion criteria were: ages 10 to 20 years old, idiopathic scoliosis diagnosis with a frontal deformity between 15º and 60º (Cobb angle) and pain-free at the time of evaluation. Mean age of participants was 15.7 ± 2.5 years and average weight and height were 51.9 ± 9.3 Kg and 1.61 ± 9.5 cm, respectively. Twenty-six participants had a right thoracic scoliosis (mean of 37.9º ± 11.4º), 22 a double major scoliosis (means for each curve of 34.8º ± 13.0º; 33.2º ±11.2º), 16 a thoraco-lumbar scoliosis (mean of 25.8º ± 7.2º) and six a lumbar scoliosis (mean of 26.7º ±13.3º). We excluded participants who had a leg length discrepancy greater than 1.5 centimetres as well as those who had had spine surgery. All participants and their parents signed informed consent forms and the project was approved by the ethics committee of CHU Sainte-Justine.
Procedure and instrumentation
Two trained physiotherapists evaluated participants at the LAVIANI laboratory at CHU Sainte Justine and a quantitative posture evaluation software was used to calculate posture indices. The software has a user-friendly graphical interface and it allows calculation of posture indices from a set of markers selected interactively on the digital photographs ( Figure 1 ). The training consisted of two practical sessions (one hour duration) of palpation and marker placement on healthy persons (one female and one male) to assert that both physiotherapists were in agreement for the understanding of the method and procedure. Each physiotherapist completed palpation and marker placement for the anatomical landmarks on two test sessions (Appendix 1). Forty-nine [49] round adhesive 5 mm green markers were placed on the following anatomical landmarks (chosen according to their reliability already showed in previous studies [19, 33] for each set of photographs in each test session using a carpenter's level. Placement and instructions given to all subjects concerning the positioning for data collection were standardized. To limit the variability associated with subject's position, two reference frames for feet placement (triangles of 30º) were drawn on the floor for frontal and sagittal views [34, 35] . Subjects were asked to look straight ahead and stand in a normally comfortable position [16-18, 20, 35] . Supplementary sagittal photographs were taken with participants standing with flexed elbows if greater trochanter and ASIS were not otherwise visible [17] .
Data acquisition followed a specific sequence and lasted on average 20 to 25 minutes (including marker placement). First, digital photographs of front and back views were taken by the first rater (Trial 1). Subsequently, the subject was asked to walk around and re-positioned to take a second set of photographs in these views (Trial 2).
Hemispheric markers were added onto anatomical landmarks (previously mentioned) and the subject was placed in the lateral position for acquisition of right and left lateral photographs (Trial 1). The person was asked again to move and re-positioned for the second set of photographs in these lateral views (Trial 2). Markers were removed and landmarks on skin were thoroughly cleaned before the second rater repeated the procedure. After the first session, participants were asked to come back 60 minutes later to repeat the assessment by the two raters (test-retest reliability). The physiotherapists completed the test sessions in random order. To avoid any bias in the selection of a trial and to obtain a better estimate of the raters' true score, the mean of two trials per each rater was used to determine the level of reliability [36] . 
Data analysis
Descriptive statistics (mean, standard deviation -SD) are used to characterize participants with scoliosis and the posture indices from the clinical posture assessment tool.
Reliability of the posture indices was calculated according to the generalizability theory, an extension of the intra-class correlation coefficient [28] . There are two components of this type of analysis, the first being the generalizability study (G-study), the second, the decision study (D-study). In the present research, a two-factor crossed design was retained (factors were the test session and the rater). Accordingly, the Gstudy computes the magnitude of the variances attributed to the persons (P), to the systematic errors related to test sessions (S) and raters (R), and to random errors associated with the interactions between raters and test sessions (RS), persons and test
sessions (PS) and persons and raters (PR). The residual error is the interaction between all sources of variance and included error coming from unknown factors (PRS). In order
to facilitate the interpretation of the G-study results, the magnitude of each variance was expressed as a percentage of the total variance. The D-study (decision) uses the information of the G-study to determine the reliability of a particular protocol. To take into account the systematic effect of rater and test session, the coefficients of dependability (φ) were chosen. The reliability was calculated for D-studies involving one rater on one test session for three designs: 1) with both factors random, 2) with the factor rater fixed giving the test-retest reliability and 3) with the factor test session fixed giving the inter-rater reliability (formulas for each design are presented in Appendix 2).
Like the intra-class coefficient (ICC), the dependability coefficient ranges between 0 and 1: 0 is absence of reliability and 1, perfect reliability. Interpretation of the coefficients is as follows: values above 0.75 will be considered as good reliability, those between 0.50 and 0.75 as moderate and those under 0.5 as poor [37] . To assess the errors in terms of the unit of measurement, the standard error of measurement (SEM), which is the square root of the sum of all error variances components, was also computed [28] . We used the GENOVA software program for these analyses [38] . Table 1 describes the means and standard deviations (SD) for each rater on both test sessions and the grand mean and SD for the two raters on both test sessions for all posture indices. Thoracic Kyphosis and Lumbar Lordosis indices could not be measured from the lateral views for most of the participants and thus were not included in the reliability study.
RESULTS
Reliability study
G-Study : Sources of variance
For all posture indices, the inter-person variance (P) was the major source of variance (51 to 99%). The variance component associated with rater (R) was low (0 to 5%), except for the Q and Tibio Calcaneus Angles (7 to 19%). Variance components for test session (S) and interaction between raters and test sessions (RS) were less than Table 2 ).
In the test-retest design, all posture indices, except for the Right Tibio Calcaneus Angle (φ = 0.73), have good reliability (φ ≥ 0.77). In the inter-rater design, 29 posture indices out of 32 have good reliability (φ ≥ 0.78) and three posture indices have moderate level of reliability (φ from 0.67 to 0.72).
In the random design, the SEM values ranged from 0.86º to 4.26º for angular measurements and from 2.08 to 8.51mm for the linear one. As expected, the ranges were smaller for the test-retest and inter-rater designs with values from 0.45º to 2.95º and 1.20 to 5.77mm ( Table 2 ). The higher angular SEMs were associated with Cervical Lordosis, Scoliosis 1 and Scoliosis 2 index. For linear index, the Shoulder Protraction has the highest SEM value.
DISCUSSION
The general objective of this study was to assess the reliability of a quantitative clinical posture assessment tool among persons with idiopathic scoliosis. Using the Gstudy results of generalizability theory, the overall, test-retest and inter-rater reliabilities were computed for D studies involving one rater on one test session because it is more adapted to the real clinical context. Reliability was good or moderate for all posture indices irrespective of D-study designs. Nevertheless, the dependability coefficients for the random design were lower and SEMs were higher than those of test-retest and inter-rater designs. Using the formula provided in the appendix 2, one can observe that the random design takes into account all possible sources of error in the denominator whereas, in other designs, the variance attributable to the fixed factor (R or S) is eliminated in the denominator.
Moreover, the interaction between the fixed factor and the inter-person variance (PR or PS) is included in the numerator. These two mathematical manipulations contribute to the increase of the dependability coefficient for the test-retest and inter-rater designs [28, 36, 39, 40] .
Generally, it is reported that inter-rater reliability is lower than the test-retest reliability for posture indices [18, 41, 42] . In our study, dependability coefficients and SEMs were similar for both test-retest and inter-rater reliability for several posture indices, possibly attributable to the consistency of marker placement between raters and between test sessions as well as to the stability of posture across trials [21, 40, 43] .
Results from the G-Study corroborate this finding by the absence of any systematic effect due to test sessions (S) and raters (R -see Figure 2A ) for most of the indices and low level of interaction associated with the two factors (PR, PS and SR < 4%) [40, 43] . Lower coefficients found for Q Angles and Tibio calcaneus Angles were caused in part by a systematic effect at the rater level. As illustrated in figure 2B for the right Q angle, values computed for rater 2 are higher than those of rater 1.The same effect was observed for the left Q angle. Thus, it is suspected that rater 2 placed the tibial tuberosity marker more laterally than rater 1. For the Tibio Calcaneus Angles, the systematic effect for rater was not consistent between sides. Nevertheless, we had good test-retest reliability for both measures, in line with results in the literature [19, 41] . We suggest the use of the Frontal Knee Angle instead of the Q Angle, because the former demonstrated good reliability in the random design and is also used to assess frontal lower limb alignment. The planned development of a graphic interface with automatic marker placement might help to decrease these errors.
Some studies have reported the reliability of posture indices taken from photographs [17-19, 35, 46-48] . The ICCs for intra-rater reliability (intra-day and testretest) varied from 0.71 to 0.99 when measurements were done between body segments [17, 35, 48] and varied from 0.13 to 0.69 if measurements were obtained from a vertical reference line [47] . Our test-retest reliability results are in agreement with studies using measurements among body segments for posture indices representing head and shoulder, trunk, pelvis and lower limb body segments. For most of our participants, it was not possible to measure thoracic and lumbar sagittal angles from hemispheric markers because of their morphological modifications associated with scoliosis. In contrast with Dunk et al [46, 47] , in our study, test-retest reliability for Cervical Lordosis and frontal spinal angles was good to near perfect. In the Dunk et al. [47] study, angle measurements were calculated as deviation from the vertical reference line whereas relative measurements between body segments were used in ours. The lower repeatability of their measurement technique may be due to body sway in the sagittal and lateral planes. Possibly, a change in ankle joint angle due to body sway may modify spine position [44, 49] . With respect to inter-rater reliability, our SEM results are comparable to those described by Normand et al. [18] on healthy persons. They reported SEM values ranging from 0.50 to 1.5º and from 1.7 to 2.7mm for head, thorax and pelvis indices. However, when the rater and test session factors were both random, our coefficients were higher (φ : 0.72 to 0.95) than those of Normand et al. [18] Table   2 , indices in bold). Also, based on clinical judgement, the clinician can select, from these indices, the most appropriate ones for a particular person or goal. SEM values are more useful than reliability coefficients for the clinician in terms of decision making since they describe the error in the same unit of measurement and serve to calculate the smallest detectable difference between two measurements [21] .
For example, in the random design, SEM values were 4.3º for the Scoliosis 2 angle and 1.0º for Frontal eyes obliquity. According to Roebroeck et al. [21] , the 95% confident interval smallest detectable difference (±1.96 x SEM x √2) expected between two sessions would be ±11.9º and ±2.8º respectively. These values indicate that change in measurement have to be greater than these threshold values to document real change in these PI if different raters perform the evaluation.
The tool that we have developed should be easy to use in a clinical setting as the material (digital cameras and software) is accessible, the training time for physiotherapists is minimal (two hours were allocated in our study for marker placement), the graphical interface of the software is user-friendly and the time required to complete an evaluation is about 30 minutes for a complete evaluation. The low variance attributable to test sessions and raters found for the majority of indices in our study (< 5%) suggests that a training of only a few hours (like in this study) may be enough to ensure agreement between physiotherapists for marker placement. In our study, the mean of two trials was used to assess the level of reliability but in practice, one trial could be used (which would save time) since trials had no effect on the test-retest and inter-rater reliability [54] [55] [56] [57] [58] . Photograph acquisition is fast and calculation of posture indices can be delayed until later, which is useful for assessing persons with pain or balance disorders, who would not be able to tolerate long evaluations in standing.
Future studies will be needed to verify the use of this tool in these populations.
Conclusion
Our results show that it is possible to assess posture in a global fashion from photographs in persons with IS. The generalizability theory demonstrates that our results can be generalized to the "universe" of raters and test sessions. This posture evaluation tool is reproducible and should be easy to administer in a clinical setting. This new tool will improve physiotherapy practice by facilitating the analysis of posture abnormalities.
It may serve to monitor treatment effectiveness or change in posture over time and to characterize posture asymmetries associated with different types of scoliosis (classification). This will need to be verified in future longitudinal studies. These two indices were dropped due to not having enough data to determine reliability. The angle formed by a line drawn between the left and right eye, and the angle of this line to the horizontal.
The angle formed by a line drawn between the inferior tip of the left and right ear, and the angle of this line to the horizontal.
The angle formed by a line drawn from the canthus of the eye and tragus of the ear and a horizontal line through the tragus.
The angle formed by a line drawn between the tragus of the ear and C7 and a horizontal line through C7.
The angle formed by lines drawn through C2 and C4, and through C4 and C7.
The angle formed by a line drawn between the left and right coracoid process markers, and the angle of this line to the horizontal.
The distance from C7 to the acromion
The angle formed by a line drawn from the left and right inferior angle of scapula and the horizontal.
The angle formed by lines drawn through the upper end of waist to the center of waist and the center of waist through the lower end of waist.
Distance between a line from C7 to S1.
The angle formed by lines drawn through the upper end-vertebra of the curve to the apex of the thoracic scoliosis and the apex through the lower endvertebra of the curve.
The angle formed by a line drawn from the upper end-vertebra of the curve to the apex of the thoracic scoliosis and the vertical line passing through the apex. The angle formed by lines drawn through the upper end-vertebra of the curve to the apex of the thoracolumbar or lumbar scoliosis and the apex through the lower end-vertebra of the curve.
The angle formed by a line drawn from the apex of the curve to the lower end-vertebra of the thoracolumbar or lumbar scoliosis and the vertical line passing through the apex.
The angle formed by lines drawn through the upper end-vertebra of the curve to the apex of the lordosis and the apex through L5.
The angle formed by the horizontal and by the line joining the two ASIS.
The angle formed by the horizontal and by the line joining the two PSIS.
The angle formed by the horizontal and by the line joining the PSIS and ASIS.
The angle of intersection from a line drawn between the ASIS and the midpole of the patella, and a second line drawn between midpole of the patella and talus.
The angle formed from a line drawn between the ASIS and the midpole of the patella, and a second line drawn between the midpole of the patella and the tibial tuberosity.
Varus: distance between internal femoral condyles. Valgus: distance between internal malleolus.
The angle formed from a line drawn between the great trochanter and the axis of rotation of the knee (aligned with the lateral joint line) and a line between this axis and external malleolus.
The angle formed from a line drawn between the center of the calcaneus and the Achilles tendon and a second line drawn from the Achilles tendon and the mid calf.
Legend: The numbers in the middle column correspond to numbers in Figure 1 .
Dependability coefficient (φ) and standard error of measurement (SEM) for random design Dependability coefficient (φ S ) and standard error of measurement (SEM S ) for testretest design (with rater fixed)
Absolute error variance
Absolute error variance n R n S n S n R n S n R n S Absolute error variance n R n S n S n R n S n R n S n R n S n S n R n S n R n S Absolute error variance In this study, all coefficients were computed with n R and n S =1.
Absolute error variance Legend: *data in mm, indices in boldface font represent the 24 selected PI for evaluation of global posture. 
